Analytic hierarchy process (AHP) is used to optimize the issue of weights in the traditional fuzzy comprehensive evaluation, and a fuzzy comprehensive evaluation model is constructed based on AHP. The water quality of the urban inland rivers is selected as the research object to introduce the process of multilevel fuzzy comprehensive evaluation for the water quality of urban inland river, which is applied to the water quality evaluation of Baoding Fu River in Baoding City. Evaluation comparison is conducted on the water quality of the selected monitoring sites and the monitoring river reaches during different periods.
interests (Zhang and Hu, 2010) . The frequently-used evaluation methods mainly include the single factor evaluation method, the integrated pollution index method, the weighted or arithmetic average method, the artificial neural network method, the principal component analytical method, the gray cluster analytical method and the fuzzy comprehensive evaluation method (Lu et al., 2011; Lee and Wen, 2008; Song, 2008; Li et al., 2011; Ying, 2005; Zhang et al., 2010) .
Based on the given evaluation criteria and the measured values, the fuzzy comprehensive evaluation applies the fuzzy linear transformation principle and the maximum membership degree principle to consider the various factors related to the evaluated items and to give the evaluation object with the total values. This method is able to reflect the fuzzy characteristics of the water pollution degree that gradually change from light to heavy, and the evaluation results are reasonable and closer to the objective reality (Sun et al., 2005) .
The specific steps of the fuzzy comprehensive evaluation for water quality include determining the evaluation factors, the comment set, the membership function, the weights of evaluation factors, and then the comprehensive membership degree is calculated according to the selected computational mode to determine the water quality (Zheng et al., 2008) .
Water Quality Fuzzy comprehensive evaluation model based on AHP

Introduction of the Assessment Model
The traditional fuzzy comprehensive evaluation for water quality mainly uses the pollutant over-standard method to calculate the weights of evaluation factors. The weighted values obtained by this method only consider the characteristics of the individual indicator, and the interrelation between multiple evaluation objects is indescribable (Fu et al., 2010) .
When AHP is used to determine the weights for each pollutant, only a qualitative description for the relative significance of every two evaluation elements is needed. Then the weights of various evaluation elements are precisely calculated by means of AHP (Liu, 2013) , which is more in line with the objective reality and is easy to be quantified, thereby improving the accuracy of the evaluation results.
Establish the factor set and the comment set
First, the factor set and the comment set in the fuzzy comprehensive evaluation are determined based on the actual situation. The number of elements and their names can be specified according to the actual problem.
Assume the evaluation factors set is U={U 1 ,U 2 ,U 3 …U m }
In the formula, U 1 , U 2 , U 3 …U m are the m evaluation factors involved in the evaluation, which is determined depending on the purpose of the evaluation. For example, in terms of the factors in the one-level water quality evaluation, water quality indicators are selected according to the actual situation, including COD cr , ammonia nitrogen, TN, TP, etc. When the water quality of the entire river is evaluated, various monitoring sites are set as the evaluation factors.
Assume the set of evaluation criteria is
In the formula, V 1 , V 2 , ..., V n are the set of evaluation criteria corresponding to Um. The evaluations for the water quality of surface water are referred to Environmental Quality Standard for Surface Water (GB3838-2002) which specifies that evaluation criteria are divided into five levels (Shao et al., 2009) as Class I-V, or six levels with the addition of Inferior Class V (Wei et al., 2013) .
Establish the weight matrix
Due to the differences in the influencing degree of each evaluation factor on the evaluation objectives, the degree of importance of each evaluation factor is required to be determined in the fuzzy comprehensive evaluation, namely the weight of each factor.
Assume the weight set of each factor is
In the formula, W 1 , W 2 , ..., W m is the weighted value of each evaluation factor. The analytic hierarchy process is used (Pang et al., 2008; Yao et al., 2004; Xie et al., 2012) to determine the weight of each factor.
Establish the membership function to determine the fuzzy comprehensive evaluation matrix
Single factor evaluation matrix R is made up with the membership degree Rij of the single factor as rows. (Sun et al., 2005; Shao et al., 2009) . The membership degree is determined by calculating the membership function, taking into account the practicality of the operation. The method of lower semi-trapezoid distribution is generally used in the calculation (Fu et al., 2010; Yi and Ding, 2014; Dai and Tian, 2011) .
When j=1:
When j=2-(n-1):
When j=n:
Wherein, Rij is the membership degree of evaluation factor I to the j-level water quality. Ci is the measured value of the i-th evaluation factor (i=1,2 ... m). Sj is the water quality evaluation criterion of the i-th evaluation factor. In terms of DO, the basic expression is unchanged, and a minus sign is added in front of the expression. If there are m item evaluation factors and n levels of evaluation criteria, the following m×n fuzzy relation matrix R is constructed: 
Fuzzy comprehensive evaluation
The weight vector W and the fuzzy relation matrix R are multiplied in accord with the ordinary matrix, the fuzzy comprehensive evaluation vector B is:
In the formula, bj is the membership degree of the sample corresponding to the n evaluation levels.
The water quality fuzzy comprehensive evaluation model based on AHP and its calculation steps are demonstrated in Figure 1 .
Multilevel fuzzy comprehensive evaluation of the urban river water quality
When the evaluating target system is relatively complex or the influencing factors are in a considerable number, the mere use of the one-level model usually does not well reflect the nature of the objects or the overall circumstances, and the multilevel fuzzy comprehensive evaluation is required. Urban inland river is usually set up with multiple monitoring sites, and the pollution patterns of the inland rivers vary with the season. Thus, the multilevel Revista de la Facultad de Ingeniería U.C.V., Vol. 31, N°3, pp. 128-141, 2016 132 fuzzy comprehensive evaluation model based on AHP is selected to evaluate the water quality of the urban inland river, and its evaluation process is shown in Figure 2 . City. Fu River is an important river that delivers water to Baiyang River, with a length of more than 60 km ). In the 1970s and 1980s, due to years of over-exploitation of groundwater, Yimuquan River was set off, and the navigation from Fu
River to Baiyangdian was suspended. Now Fu River no longer has stable source of water, and its water volume is replenished mainly through rainwater, sewage and water transfer.
The water environment is in serious deterioration. Every year a large number of pollutants are transported directly to Baiyang Lake, which has been a serious threat to the water environment and the water ecosystem security of Baiyang Lake (Wang et al., 2010 The annual overall evaluation results for the water quality of the inland river The monitoring river reach is located at the main river reach in Baoding City, with heavy pollution. The surrounding environment of all monitoring sites is described in Table 1 . Table 2 .
With reference to the grading standards for surface water in Environmental Quality
Standard for Surface Water (GB3838-2002) and the reports about adding the Inferior Class V standard, the evaluation criteria collection is divided into six levels, namely V={Class I, Class II, Class III, Class IV, Class V, Inferior Class VI}, and the specific values are shown in Table 3 . According to the membership function in Formula (4), Formula (5) and Formula (6) The two-level fuzzy evaluation set is calculated in Formula (8), namely, the average river water quality membership degree of the monitoring river reaches from June to October is B 2 =W 2 ▪R 2 ={0, 0, 0.035m 0.088, 0.049, 0.828}. The same calculation method is used to calculate the water quality membership degree of each monitoring section and the entire monitoring river reaches during the two periods-from June to October and from November to December.
Values are assigned to the divided evaluation criteria, and V 1 =6, V 2 =5, V 3 =4, V 4 =3, V 5 =2, V 6 =1. The higher the value is, the better the water quality is, as indicated by Vi and each membership degree Bi in the formula.
The comprehensive score of each evaluation object is calculated. The water quality membership degree and the comprehensive scores of each monitoring site and the monitoring inland river section during the three periods are illustrated in Table 4 . 
Results and Discussion
As indicated by the water quality of the monitoring sites, there are some differences in water quality during different periods. To be specific, the comprehensive scores at each site Comprehensive evaluations for the water quality of the monitoring river reaches during the entire monitoring period are acquired by means of the three-level fuzzy comprehensive evaluation for the water quality of the monitoring river reaches during three periods-from March to May, from June to October and from November to December. When the three-level evaluation is used to calculate the weights of each period, the length of monitoring time, water volume, applications and other factors should be considered.
Conclusions
(1) The multi-level fuzzy comprehensive evaluation method is able to solve the fuzziness in the water environment evaluation. This method is applied to conduct qualitative and quantitative analysis on the water quality level of Fu River in Paoding City, which provides basic data for the urban inland river regulation.
(2) The method of determining the weights in the traditional fuzzy comprehensive evaluation is optimized, and AHP is employed to determine the weights of each evaluation factor, which improves the accuracy of the evaluation results.
(3) From the perspective of time, under comparisons, during the entire monitoring period, the water quality from June to October is slightly better, and the period from March to May comes second, and the water quality from November to December is the worst. Also, the water quality of each monitoring site and the entire monitoring river reach during the three periods has the highest membership degree to the Inferior Class V water quality. from the space point of view, in addition to the period from November to December, among various monitoring sites, the water quality of Liushoumiao Bridge during the other two monitoring periods is the best, but it is still the Inferior Class V. Thus, it indicates that the inland river reaches of Fu River in Baoding City are seriously polluted during the entire year, with the water quality of Inferior Class V.
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